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WIND-TUNNEL INVESTIGATION OF A SPOILER-SLOT AILERON 
OH AN NACA 23012 AIRFOIL WITH A FULL-SPIN FOWLER FLAP 



By F. H. Rogallo and Bartholomew S. Spano 



SUMMARY 

An investigation was made in the NACA 7- by 10-foot 
wind tunnel of a spoiler-slot aileron on an NACA 23012 
airfoil with a full-span 30-percent-chord Fowler flap. 
The static rolling, yawing, and hinge moments were deter- 
mined and are presented for several angles of attack and 
flrgp deflections. 

The characteristics of the spoiler-slot aileron of 
the present investigation are essentially the same as those 
of the sane device on the airfoil with a full-span NACA 
slotted flap as tested in a previous investigation. Up- 
rigging the ailerons, however,' as the flap is deflected may 
he desirable. The test results indicate that the spoiler- 
slot aileron will provide acceptable lateral-control char- 
acteristics for airplanes with full-span Fowler flaps. 



INTRODUCTION 



The NACA is investigating many different types of 
lateral-control device for use on wingB with full-span 
high-lift flaps. During the early days of the investiga- 
tion, full-span split flaps were employed. One of the most 
promising arrangements developed was the plain aileron and 
retractable split flap. (See references 1 and 2.) In a 
more recent investigation, wind-tunnel teste were made of 
plain ailerons on an airfoil with a full-span flap consist- 
ing of an inboard Fowler and an outboard retractable split 
flap, (See reference 5.) This arrangement . 1 s to be flight- 
tested in the near future. 

Wind-tunnel tests have also been made of plain and 
slot-lip ailerons on an airfoil with a full-span NACA slot- 
ted flap (reference 4) and on an airfoil with a full-span 
flap consisting of an inboard Fowler and an outboard Blot- 
ted flap (reference 5). At least ono of those arrangements 
is soon to be flight-tested. 
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Another promising device developed in the wind tunnel 
is the Bpoiler-slot or plug-type aileron, (See reference 
6.) This device 1b rather unconventional structurally tmt 
provides a lateral-control system that appears to "be as 
simple mechanically as oonventional ailerons. It is now" 
"being "built for flight-testing on a wing with a full-Bpan 
HACA slotted flap* 

In the present investigation, wind-tunnel tests were 
made of a spoiler-slot aileron in an airfoil with a full- 
span Towler flap. Static rolling, yawing, and hinge mo- 
ments were determined at several angles of attack and flap 
positions.' 

APPARATUS AtfD METHODS 

She tests were made in the 17A0A 7- "by 10-foot wind 
tunnel at a wind velocity of about 40 miles per hour (test 
Reynolds number 1,500,000) on the 4- by 8-foot 1TACA 23012 
semispan model used in the investigation reported in ref- 
erence 6* The model* was modified for a 0.30c full-span 
UPowler flap as shown in figures 1 and 2. The Fowler flap, 
which has a Clark 7 airfoil section, wrs so deflected that 
the nose point was 1,5 percent of the main airfoil chord 
below the trailing odge of the main airfoil. The Bpoiler- 
slot aileron of this investigation is the same as arrango- 
mont B of reference) 6 except for larger cloarancos of 
the aileron in the slot. 

Calculations 1 of the rolling, yawing,- and hinge mo- 
ments woro similar to thoso of reforonoo 6, The values of 
lift coefficient wore computod from tho outboard vortical 
reaction moasurcd in tho tunnel. In tho computations a 
lateral- center of prossuro at 0,45 semispan was assumod. 



E3 STILTS A3TD DISCUSSION 

Tho following symbols are u'sod in the presentation of 
results: 

L 

lift coefficient 

C»' rolling-moment coofficiont 

* - qbS 
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3M 

On' yaving-momont coefficiont 

H a ' ailoron hlngo momont, Inch-pounds at 40 milos 
por hour 

o airfoil chord 

b twice span of half-span modol 

. L . twico lift of half-span model 

S twioo area of half- span modol 

i 

L 1 rolling moaont about vind axis 
IT 1 yawing moment about wind axis 

q. dynamic proseuro of air stream 
a' uncorrected anglo of attack 

A posltlvo valuo of L 1 or C ^ 1 corrosponds to a 

•docroaso in lift on tho ruodol and a positive value of ST 1 
or C n 1 corrosponds to an increase in drag on tho modol, 

A downward deflection of the ".iloron is considered posi- 
tive and hinge monents ?.rs considered positive when they 
tend to deflect the aileron in a positive direction, as in 
the case of conventional ailerons. Twice the actual lift, 
area, and span of tho model wore usod in the reduction of 
results because the nodel represents half of a complete 
wing, Fo corrections have been made for tho effect of the 
tunnel walls. Such corrections may he rather large for 
the model installation used in these tests. 



The rolling-, yawing-, and hinge-moment characteris- 
tics of the spoiler-slot ailoron at various angles of at- 
tack and flap deflections are given in figuro 3, Tho pos- 
itive deflection range of tho .ailoron produced a small 
advorso rolling-moment coefficient, which,' in tho complete 
system, would docroaso tho not rolling-moment coefficient. 
Tho positivo deflection range -is useful, hovovor, for .coun- 
teracting the hingo moments produced by tho nogativo de- 
flection rango. (Soo roforoncc 6.) Thoso results aro os- 
sentially tho same as thoso of. the samo dovioo on tho air- 
foil with a full-span 1TA0A slottod flap as roportod in 
reforonce 6, with tho oxooptlon that tho ailoron appoars 
inoff active at low doflootions, particularly with tho flap 
dofloctod 40°. 
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Unpublished data of flight testa of somewhat similar 
lateral-control devices did not show the ineffectiveness 
at small deflections that appeared in the wind-tunnel 
tests of those devices. If the ineffective region (fig. 
3(c)) appears in the flight tents, it nay he desirable to 
uprig automatically the ailerons about 10 when the flap is 
deflected 40°, in accordance with the suggestion for the 
split-flap arrangement i:i reference 6. The yawing-raonent 
data of figure 3(c) indicate that tho drag incurred by tho 
recommended uprigging night not be dotrinental. A system 
employing tho spoilor-slot ailorcn and full-span JTowlor 
flap (with tho roconmondei provision for uprising the 
ailorons if necessary) appoars *o bo satisfactory on tho 
basis of wind-tunnol tosts prosontod heroin, 

The steop slopos of tho hingo-p.omont curvos noar neu- 
tral (fig. 3(b) iniioata that the aileron control will 
feel stiff at small dofloctiona. Thoso stoop slopos aro 
characteristic of thj ailoron arrcn^oment tostod (soo ar- 
ran^omcnt 3 in rofcronco 6) and nay bo avoided. if tho ailer- 
on is so constructed as not to pro joct .far bolow tho lower 
surfaco of the airfoil. (Soo r.rrangonont A, roforonco 6,) 

Uo lac; tosts woro mado in this investigation; tosts 
of reasonably similar dovicos (roforonco 7) Bhowod tho lag 
to bo not too ~roat for sat i sf act ory oporation. 

An illustrativo oziaplo of tho application of tho data 
to a complete airplano installation is or.'.ittod from this 
roport bocauso of tho closo similarity of tho data with 
thoso of roforenco 5 in which an illustrativo oscamplo was 
givon, 

C01TCLUSI0ITE 



Tho characteristics of tho spoilor-slot aileron on tho 
airfoil with a full-span Jowlor flap as tcstod in tho pros- 
ent investigation woro substantially tho samo as tho pre- 
viously roportod characteristics of this dovleo on tho air- 
foil with a full-span HACA slottod flap, with tho oxcop- 
tion that tho ailoron appears inoffoctivo at low defloc- 
tions, particularly with tho Towlor flap dofloc'ted 40°. 

Tho inoffoctivo rogion, if presont in flight, could 
bo oliiiinatod by a provision in tho aileron linkago for 
automatically uprigging tho ailorons as tho flap is dofloctod. 
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If flight testa prove that the spoiler-slot aileron 
is satisfactory in combination vith an SAC A slotted flap, 
it is recommended that flight tests be made of the device 
}" in combination with a full-span Fowler flap in order to 

^ realise the high maximum lift that this flap should provide. 



Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronaut Icb, 
Langley Held, Va. 
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NACA Figs. 1,2 





Figure 2.- A 0.37 b/2 spoiler-slot aileron on an 8-foot semi span NACA 
23012 airfoil with a 0.30c full -span Fowler flap. 
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Fig. 3 
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(a) Flap retracted (b) Flap deflected 20°. (c) Flap deflected 40°. 



Figure 3.- Aerodynamic characteristics of a 0.37 b/2 spoiler-slot aileron on an BACA 23012 airfoil with a 0.30c 
full-span Fowler flap. 




